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MEMORANDUM FOR FILE 

I n  c o n t r a s t  t o  t he  s h o r t  one and two-man space  f l i g h t s ,  
p l ann ing  of systems and o p e r a t i o n s  f o r  l o n g  d u r a t i o n ,  multi-man 
mis s ions  must s e r i o u s l y  cons ide r  t h e  soc io -psycho log ica l  h e a l t h  
of t h e  crew. S t u d i e s  of s imula t ed  s i t u a t i o n s  and in fo rma t ion  
from a c t u a l  e v e n t s  were used i n  t h e  f o l l o w i n g  review.  
s i m u l a t i o n  was r e a l i s t i c ,  t h e  r e s u l t s  were s i m i l a r  t o  t h o s e  from 
a c t u a l  expe r i ences  (Ref .  1). 

When 

Behav io ra l  changes were observed i n  t h e s e  s t u d i e s ,  
i n c l u d i n g  impairment of t h ink ing ,  c h i l d i s h  emot iona l  responses  
d i s t u r b a n c e s  of v i s u a l  pe rcep t ion ,  f a t i g u e ,  boredom, r e s t l e s s n e s s ,  
d e p r e s s i o n ,  i r r a t i o n a l i t y ,  i r r i t a b i l i t y ,  insomnia, a n x i e t y ,  ha l -  
l u c i n a t i o n s ,  i n t e r p e r s o n a l  h o s t i l i t y ,  loss of crew morale,  and 
l o s s  of group cohes iveness  ( R e f .  1,2,3,4,5). The s e v e r i t y  of 
t h e s e  m a n i f e s t a t i o n s  depends s t r a n g l y  en  p h y s i c a l  a n d  i n t e r p e r s o n a l  
f a c t o r s  which a r e  s u b j e c t  t o  c o n t r o l  i n  systems des ign .  T h i s  
memorandm c o n s i d e r s  f irst  t h e  p h y s i c a l  f a c t o r s  and t h e n  t h e  i n t e r -  
p e r s o n a l  o r  s o c i a l  f a c t o r s .  

A .  PHYSICAL FACTORS 

Four a s p e c t s  of t he  " p h y s i c a l  environment" have been 
cons ide red  impor t an t .  These a r e :  i s o l a t i o n ,  t h e  " s e p a r a t i o n  of 
t h e  i n d i v i d u a l  from h i s  n a t u r a l  environment and t h e  d i s r u p t i o n  of 
h i s  accustomed p a t t e r n s " ;  confinement, t h e  r e s t r a i n t  o r  r e s t r i c t i o n  
of  movement w i t h i n  f ixed  boundaries;  h a b i t a b i l i t y ,  t h e  f i t n e s s  of 
t h e  environment f o r  occupat ion  a s  pe rce ived  by t h e  i n d i v i d u a l ;  and 
work- res t  s chedu l ing .  

1. I s o l a t i o n  

The r e l e v a n t  l i t e r a t u r e  on i s o l a t i o n  s t u d i e s  h a s  been 
e x t e n s i v e l y  reviewed i n  Reference 1. Unfor tuna te ly ,  many of t h e  
i n v e s t i g a t i o n s  were concerned wi th  t h e  i s o l a t i o n  of on ly  one 
i n d i v i d u a l ,  sometimes under b i z a r r e  cond. i t ions ( R e f .  6 ) .  I n  ad- 
d i t i o n ,  many of t h e  experiments  were concerned w i t h  s enso ry  
d e p r i v a t i o n  r a t h e r  t h a n  i s o l a t i o n  a lone ,  and  involved  some degree  
of confinement,  o f t e n  seve re .  Thus, t h e  i n t e r p r e t a t i o n  of t h e  
i s o l a t i o n  exper iments  is  complicated by t h e  v a r i a b i l i t y  i n  con- 
d i t i o n s  of exposure (Ref.  1 ,2 ,3 ,4 ,5) .  
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I n  a l l  of t h e  s i n g l e  man i s o l a t i o n  s t u d i e s  performance 
decrements occur red  (Ref .  1,5,7,8). H a l l u c i n a t i o n s  were even 
observed when i s o l a t i o n  was compounded w i t h  s enso ry  d e p r i v a t i o n .  
These occurrences  can be avoided when good senso ry  v a l i d a t i o n  i s  
p r e s e n t  o r  when communications l i n k s  a r e  provided t o  t h e  o u t s i d e .  
They r a r e l y  occur  when two s u b j e c t s  a r e  confined t o g e t h e r  and neve r  
w i t h  t h r e e  o r  more (Ref .  1 , g ) .  

Mi lder  decrements such  a s  boredom, a n x i e t y  o r  d e p r e s s i o n  
were a l s o  observed .  When tasks were scheduled i n  s i m u l a t i o n  s t u d i e s ,  
such e f f e c t s  of i s o l a t i c n  were diminished (Ref .  1 ) .  b u t  t h e  amount 
of a d a p t a t i o n  has  been found t o  be s u b j e c t  t o  i n d i v i d u a l  v a r i a t i o n  
( R e f .  10). S e l e c t i o n  of personnel  more capable  of endur ing  i s o l a -  
t i o n  has  been sugges t ed  i f  adequate  c r i t e r i a  can be e s t a b l i s h e d  
( R e f .  11). I n  a d d i t i o n ,  t r a i n i n g  for i s o l a t i o n  may be p o s s i b l e ,  
u s i n g  f i l m s  showing p o t e n t i a l  p sycho log ica l  d i f f i c u l t i e s  and 
s u g g e s t i n g  p reven t ive  o r  c o r r e c t i v e  measures.  

Although a s i g n i f i c a n t  v a r i a t i o n  i n  r e sponse  h a s  been 
r e p o r t e d ,  p o s s i b l y  due t o  t h e  many d i f f e r e n c e s  endemic i n  t h e  
exper iments ,  one may conclude from t h e  l i t e r a t u r e  t h a t  t h e  e f f e c t s  
of i s o l a t i o n  can be minimized i f  s e v e r a l  s u b j e c t s  a r e  i s o l a t e d  
t o g e t h e r ,  i f  s enso ry  underload and  ove r load  a r e  avoided,  i f  com- 
municatioris 1iiikS a r e  p r ~ v i d e d  ~ i t h  t.he n u t s i d e ,  and i f  t h e  crew 
i s  provid.ed w i t h  meaningful t a sks .  

2. Confinement 

Short term confinement i n  space  has  caused. no appa ren t  
p s y c h o l o g i c a l  problems (Ref.  12, 13) .  A l a r g e  body of l i t e r a t u r e  
conce rn ing  confinement s t u d i e s  has  been reviewed e x t e n s i v e l y  i n  
References  1 and 14 and i n d i c a t e s ,  however, t h a t  p o t e n t i a l  problems 
may a r i s e  under  prolonged confinement.  The r e s u l t s  of s imula t ed  
s t u d i e s  and a u t h e n t i c  e v e n t s  such a s  A r c t i c  e x p e d i t i o n s ,  submarine 
m i s s i o n s ,  bomber mis s ions ,  e t c . ,  r e v e a l  t h e  importance of t h e  a v a i l -  
a b l e  volume p e r  man a s  a n  index of confinement.  The s e v e r i t y  of 
p s y c h o l o g i c a l  problems and performance decrements  o c c u r r i n g  d u r i n g  
confinement  were i n c r e a s e d  with i n c r e a s e  i n  mis s ion  d u r a t i o n  o r  
w i t h  d .ecreases  i n  t h e  a v a i l a b l e  volume p e r  man. I f  t h e  crew s i z e  
was i n c r e a s e d  b u t  t h e  volume p e r  man maintained c o n s t a n t ,  performance 
cou ld  be  k e p t  from d e t e r i o r a t i n g  a s  t h e  mis s ion  d u r a t i o n  i n c r e a s e d .  
F i n a l l y ,  a t  i n c r e a s e d  volume p e r  man, mis s ion  d u r a t i o n  could  be 
i n c r e a s e d  wi thout  performance decrements .  

A t h e o r e t i c a l  a t tempt  based  on an th ropomet r i e s  t o  d e t a i l  
t h e  id.ea1 minimum volume p e r  man a s  a f u n c t i o n  of mis s ion  d u r a t i o n  
was a t t e m p t e d  by Davenport e t  a 1  (Ref .  1 4 ) .  The r e s u l t i n g  i n c r e a s e  
i n  t h e  r e q u i r e d  volume e r  man a s  bo th  mis s ion  d u r a t i o n  and crew 
s i z e  i n c r e a s e  ( F i g u r e  1 P i s  expected to a r i s e  from t h e  p r o l i f e r a t i o n  
of t a s k s ,  t h e  d e s i r a b i l i t y  f o r  s p e c i f i c  t a s k  a r e a s ,  and t h e  need 
f o r  p r i v a t e  space .  Th i s  s tudy  would i n d i c a t e  t h a t  a f i v e  man crew 
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would need a minima 
and 400 day mis s ions  r e s p e c t i v e l y .  

of 140 ft3/man and 175 ft3/man f o r  60 

Other  sugges t ions  of t h e  minimum r e q u i r e d  volume/man 
f o r  l o n g  d u r a t i o n  mis s ions  have been r e p o r t e d .  

s e p a r a t e  work a r e a s  of a s  y e t  undetermined s i z e .  
and Jones  e t  a 1  ( R e f .  1 6 )  have d e r i v e d  t h r e s h o l d s  of a c c e p t a b l e  
volume/man through a s u b j e c t i v e  e v a l u a t i o n  of s i m u l a t i o n  and f i e l d  
performance.  These r e s u l t s  d i s a g r e e  w i t h  t h o s e  r e p o r t e d  by 
Davenpor t ' s  group, i n d i c a t i n g  t h a t  t h e  minimum r e q u i r e d  volume/ 
man may approach a cons t an t  beyond. 30 to 60 d.ays ( F i g u r e s  2 and 
3 ) .  
no crew psycho log ica l  problems (Ref .  1,2). In  t h e s e  c a s e s  t h e  

of t h e  r e q u i r e d  volume f o r  a c c e p t a b l e  performance.  

Fedderson ( R e f .  15) 

F r a s e r  (Ref.  1 , g )  
sugges t ed  s l e e p / r e s t  s t a t i o n  volumes of a t  l e a s t  300 f t  3 /man and 

Submarine mis s ions  of l o n g  d u r a t i o n  have been completed w i t h  

a v a i l a b l e  volume was abou t  600 f t  3 p e r  man y i e l d i n g  one e s t i m a t e  

One may conclude t h a t  t h e  q u a l i t a t i v e  e s t i m a t e s  p r e s e n t l y  
a v a i l a b l e  would i n d i c a t e  a r e q u i r e d  minimum volume of 150-200 

l o n g  d u r a t i o n  mis s ions .  ?It should be  no ted  t h a t  t h e  S-IVB spen t  
s t a g e  c o n t a i n s  12,000 f t - .  On t h i s  b a s i s  i t  co.i*ld accomzdate a 
20 man crew. 

f t  3 /man and a n  a c c e p t a b l e  performance volume of 600 f t  3 /man f o r  

3. H a b i t a b i l i t y  

H a b i t a b i l i t y  f a c t o r s  can obvious ly  i n f l u e n c e  t h e  crew 
mora le  and a r e  i n c r e a s i n g l y  important  a s  t h e  mis s ion  d u r a t i o n s  
a r e  i n c r e a s e d .  Opt imiza t ion  of such f a c t o r s  a s  p l e n t i f u l  water  
f o r  showers,  a n  abundance of h i g h  q u a l i t y  food,  juke  box music, 
r e a d i n g  m a t e r i a l s  and t h e  s e p a r a t i o n  of l i v i n g  and working q u a r t e r s  
(Ref .  2,14,17) was a t  l e a s t  p a r t l y  r e s p o n s i b l e  f o r  t h e  high morale 
and good emotional  h e a l t h  of t h e  crews of t h e  Submarine N a u t i l u s  
(Ref .  2 )  and Sea lab  I1 (Ref.  17 ) .  The l i g h t e r  s u i t s  worn by  t h e  
Gemini V I 1  a s t r o n a u t s  have been sugges t ed  a s  a n  impor tan t  f a c t o r  
i n  t h e  maintenance of t h e i r  p sycho log ica l  and  p h y s i o l o g i c a l  h e a l t h  
(Ref .  13) .  T h i s  crew may a l s o  have b e n e f i t t e d  from p e r i o d s  d u r i n g  
which t h e y  were u n s u i t e d .  

4. Work-Rest Schedul ing 

The l i t e r a t u r e  on work-rest s chedu l ing  has  been reviewed 
i n  Reference  4 .  Experimental  o b j e c t i v e s  have been t o  maximize t h e  
t i m e  a v a i l a b l e  f o r  work while a v o i d i n g  work decrements and h e a l t h  
d e t e r i o r a t i o n .  Var i ab le s  included t h e  work pe r iod ,  r e s t  pe r iod ,  and 
s l e e p  pe r iod  d u r a t i o n s  and sequencing, and t h e  cyc le  l e n g t h .  

I n  t h e  experiments  t h e  maximum e f f i c i e n c y  ob ta ined  wi thout  
performance o r  h e a l t h  decrements was 50$ working t ime u s i n g  a 4/4 
work- re s t  s chedu le  f o r  a pe r iod  of 30 days .  
y i e l d i n g  66% working t ime was e f f e c t i v e  wi thout  decrements f o r  l i m i t e d  
d u r a t i o n .  

A 4/2 work-rest  schedule  
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The l e n g t h  Of e f f e c t i v e  du ty  p e r i o d  depends a l s o  upon t h e  
n a t u r e  Of t h e  t a s k  (Ref.  4, 1 8 ) .  Work-rest s c h e d u l i n  ex  er imei i ts  have 

i n d i c a t e d  t h a t  r o u t i n e  t a s k s  a r e  t o l e r a b l e  f o r  l ess  %%an 3 hours .  
whi le  a c t i v e  t a s k s  demanding a h igh  degree  of p a r t i c i p a t i o n  with' 
a v a r i e t y  of demands have been performed for p e r i o d s  of up t o  t en  
hour s  d u r a t i o n  wi thout  performance decrement.  I n  g e n e r a l ,  t h e  
more monotonous the  t a s k  t h e  s h o r t e r  t h e  d u t y  p e r i o d  must be .  

Man's b i o l o g i c a l  24 hour  p e r i o d i c i t i e s ,  r e f e r r e d  t o  a s  
c i r c a d i a n  rhythms ( h e a r t  r a t e ,  r e s p i r a t i o n  r a t e ,  v i t a l  c a p a c i t y ,  
body tempera ture ,  s e n s i t i v i t y  t o  t o x i c  a g e n t s ,  e t c . )  a l s o  in- 
f l u e n c e  t h e  work-rest  schedul ing .  Performance f o l l o w s  a c i r c a d i a n  
p e r i o d i c i t y ,  b u t  t h e  decrement o c c u r r i n g  under  u n u s m l  work- res t  
c y c l e s  h a s  been found t o  va ry  wi th  t h e  i n d i v i d u a l  and can be 
minimized by a p p r o p r i a t e  t r a i n i n g .  S a t i s f a c t o r y  performance h a s  
been main ta ined  up t o  30 days on a 4/4 work-rest  schedule ,  even 
though t h e  m a j o r i t y  of c i r c a d i a n  rhythms were s t i l l  e n t r a i n e d  t o  
a 24 hour  p e r i o d i c i t y  and no a d d i t i o n a l  s l e e p  per i0d.s  were a l lowed.  

Under unusual  schedules  t h e  dep th  of s l e e p  h a s  been l e s s  
t h a n  normal. I n  t h e  Gemini miss ions  l i t t l e  and  poor  q u a l i t y  s l e e p  
was o b t a i n e d  by t h e  crews except  on the  GT V I 1  f l i g h t  i n  which bo th  
crew men s l e p t  s imul t aneous ly ,  and t h e  s l e e p i n g  p e r i o d  corresponded 
ts t h a t  of t h e  la imch s i t e  (Ref. 13). The Sea lab  crews a l s o  s l e p t  
poor ly ,  b u t  t h i s  may have been due t o  p h y s i o l o g i c a l  s t r e s s  caused 
by t h e  h igh  p r e s s u r e  and t h e  unusual  atmosphere (Ref.  17,19). 
I n  work- res t  experiments ,  s l e e p  p e r i o d s  of l e s s  t han  2 hours  were 
unaccep tab le .  

The work-rest  cyc le  chosen w i l l  be adap ted  to t h e  mis s ion  
t y p e .  Fo r  example, d u t i e s  i n  a n  o r b i t i n g  l a b  would be t o t a l l y  d i f -  
f e r e n t  t h a n  those  on i n t e r p l a n e t a r y  mis s ions .  I n  t h e  l a t t e r  e s p e c i a l -  
l y ,  t h e  cyc le  w i l l  have t o  be f l e x i b l e  t o  meet t h e  va ry ing  demands 
of t h e  mis s ion  p r o f i l e .  Relaxed low e f f i c i e n c y  c y c l e s  may s u f f i c e  
f o r  i n t e r p l a n e t a r y  t r a v e l ,  bu t  high e f f i c i e n c y - h i g h  demand schedu les  
would be necessa ry  to maximize use  of t h e  crew d u r i n g  encoun te r .  

The a v a i l a b l e  l i t e r a t u r e  i n d i c a t e s  t h a t  for t h e  l o n g  term 
s p a c e  f l i g h t ,  a 4/4 work-rest  c y c l e  combined w i t h  a s i x  to e i g h t  hour  
s l e e p  s e s s i o n  o c c u r r i n g  a t  t he  same t ime each day, may be sugges t ed  
8 s  a guide  to opt imize  performance when bo th  psycho log ica l  and 
p h y s i o l o g i c a l  a s p e c t s  a r e  cons idered .  Such a schedule  would f a v o r  
crew h e a l t h ,  and. would permi t  changes i n  t h e  c y c l e s  to accomodate 
p e r i o d s  of h igh  work l o a d .  Whatever t h e  work cyc le  chosen, it would 
seem wise a t  t h e  p r e s e n t  s t a t e  of knowledge t o  adhe re  to a 24 hour  
p e r i o d i c i t y  . 

B. INTERPERSONAL FACTORS 

Although problems with mot iva t ion ,  h o s t i l i t y ,  group co- 
h e s i v e n e s s ,  and group e f f e c t i v e n e s s  were n o t  observed i n  t h e  one 
and two man s h o r t  d u r a t i o n  miss ions  (Ref .  13), t h e s e  i n t e r p e r s o n a l  
a r e a s  must be cons ide red  a s  p o s s i b l e  problem a r e a s  f o r  l o n g  d u r a t i o n  
multi-man m i s s i o n s .  I n  a d d i t i o n ,  i n t e r p e r s o n a l  f a c t o r s  a f f e c t i n g  
t h e  crew s i z e  and s t r u c t u r e  f o r  such miss ions  should  be  e l u c i d a t e d .  
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1. H o s t i l i t y  

H o s t i l i t y  has  appeared i n  most multi-man mis s ions  and 
s i m u l a t i o n  s i t u a t i o n s .  It g e n e r a l l y  i n c r e a s e d  w i t h  t ime w i t h  some 
a n t i c i p a t o r y  dec rease  observed j u s t  p r i o r  t o  t h e  scheduled  end of 
t h e  mis s ion  d u r i n g  which h o s t i l i t y  d e c l i n e d  and cohes iveness  i n c r e a s e d  
(Ref .  1 ,20 ,21 ,22) .  I n  s i m u l a t i o n  experiments ,  h o s t i l i t y  was sometimes 
d i s p l a c e d  and d i r e c t e d  towards t h e  moni tors  (Ref .  1 ,19 ,23 ) ,  n o t  always 
t h e  o t h e r  crew members. The monitors  were a l s o  cons ide red  t o  be 
omnipotent and omnisc ien t ,  a r e l a t i o n s h i p  which could  be u s e f u l  d u r i n g  
a n  emergency o r  i n  p e r i o d s  of g r e a t  s t r e s s  (Ref .  24) .  

I n  one experiment  s o c i o l o g i c a l l y  matched and unmatched 
i s o l a t e d  and conf ined  p a i r s  were compared w i t h  s i m i l a r  c o n t r o l s .  A s  
expec ted ,  t h e  i s o l a t e d  dyads developed much h i g h e r  l e v e l s  of i n t e r -  
p e r s o n a l  h o s t i l i t y  t h a n  non- i so l a t ed  p a i r s ,  and unmatched p a i r s  
e x h i b i t e d  a h i g h e r  degree  of stress t h a n  t h e  matched ones.  H o s t i l i t y  
was g r e a t  enou h t o  cause premature miss ion  t e r m i n a t i o n  i n  s e v e r a l  
c a s e s  (Ref .  25 B . Thus, a l though h o s t i l i t y  has  n o t  been a s i g n i f i c a n t  
f a c t o r  i n  a c t u a l  miss ions ,  experiments  i n d i c a t e  t h a t  h o s t i l i t y  r e l a t e d  
problems could  a r i s e  ir, f u t u r e  mis s ions  where i n t e r p e r s o n a l  f a c t o r s  
may be of g r e a t e r  importance,  

2. Group Cohesiveness  

Group cohes iveness  was found t o  d e t e r i o r a t e ,  even under  
h i g h l y  h a b i t a b l e  s i t u a t i o n s  with r e a l i s t i c  mis s ion  s i m u l a t i o n s  and 
p s y c h o l o g i c a l l y  sc reened  crews (Ref.  1,3,6). S e l e c t i v e  subgroupings 
were observed t o  occur  r a p i d l y  and a l o n g  l i n e s  of s i m i l a r  occupat ion .  
However, i n  none of  t h e s e  crews were cohes ive  decrements serLous 
enough t o  i n t e r f e r e  w i t h  t h e  performance of t a s k s  necessa ry  f o r  t h e  
s u c c e s s  of t h e  s i m u l a t e d  mission.  

In fo rma t ion  obta ined  from p o l a r  e x p e d i t i o n s ,  submarine 
c r u i s e s ,  and s e r v i c e  on remote r a d a r  s i t e s ,  i n d i c a t e s  t h a t  g e n e r a l  
s o c i o l o g i c a l  stress is p r e s e n t  i n  such groups.  Fo r  i n s t a n c e ,  t h e  
work r o l e  is magni f ied  i n  importance and a l l  p r e r o g a t i v e s  j e a l o u s l y  
guarded.  H o s t i l i t y  accompanied by a g e n e r a l  drop i n  group cohesive- 
ness is  a l s o  e v i d e n t .  I n  gene ra l ,  t h e s e  problems a r e  l e s s  e v i d e n t  
i n  l a r g e  crews. The importance of c a r e f u l  p lanning ,  group d i s c i p l i n e ,  
and  i n t e l l i g e n t  l e a d e r s h i p  has been demonstrated by a s t u d y  (Ref .  2 )  
d e a l i n g  w i t h  p s y c h o l o g i c a l  a s p e c t s  of t h e  crew of t h e  Submarine 
N a u t i l u s ,  d u r i n g  t h e  f i r s t  subpolar  journey .  These men were s u b j e c t e d  
t o  i s o l a  t ion ,  confinement , ha zardous c o n d i t i o n s  , and p a r t  i c  ipa t i o n  
i n  a n  h i s t o r i c  e v e n t .  No major emotional  problems were encountered.  
Some of  t h e  s t r e s s - r e d u c i n g  f a c t o r s  p r e s e n t  were t h e  degree  of h a b i t -  
a b i l i t y  o f f e r e d  by t h e  s h i p ,  t h e  c l e a r  d e f i n i t i o n  of r o l e s ,  and con- 
f i d e n c e  i n  t h e  t e c h n i c a l  c a p a b i l i t i e s  of  t h e  crew, i n  t h e  competence 
of t h e  o f f i c e r s ,  i n  t h e  emergency procedures ,  and t h e  be l i e f  i n  mis s ion  
o b j e c t i v e s  (Ref .  2 ,26) .  

3. Mot iva t ion  

C r e w  m o t i v a t i o n  is  a p a r t i c u l a r l y  impor tan t  f a c t o r .  A f t e r  
r e v i e w i n g  t h e  a v a i l a b l e  l i t e r a t u r e  on conf inement, F r a s e r  concludes 
t h a t  "Of the  p e r s o n a l  v a r i a b l e s  which i n f l u e n c e  t h e  response  t o  con- 
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f inement ,  t h e r e  i s  l i t t l e  doubt t h a t  mo t iva t ion ,  backed by expe r i -  
ence,  i s  one of t h e  most s i g n i f i c a n t  f a c t o r s  i n  m a i n t a i n i n g  t o l e r a n c e  
t o  confinement ."  ( R e f .  1). High crew m o t i v a t i o n  may a l s o  have been 
a n  impor tan t  f a c t o r  c o n t r i b u t i n g  t o  t h e  s u c c e s s  of t h e  GT V I 1  mi s s ion  
where t h e  volume p e r  man and h a b i t a b i l i t y  were q u i t e  low. 

4. C r e w  S i z e ,  and s t r u c t u r e  

Two a s p e c t s  of crew s t r u c t u r e  which have r e c e i v e d  l i t t l e  
a t t e n t i o n  a r e  t h e  crew s i z e  and t h e  crew l e a d e r s h i p  s t r u c t u r e .  

a .  Crew s i z e  A p a r t i a l  l i s t  of f a c t o r s  a f f e c t i n g  t h e  crew 
s i z e  would. i nc lude  the  payload weight ,  t h e  a v a i l a b l e  volume, t h e  
l i f e  suppor t  c a p a b i l i t y ,  t h e  a v a i l a b i l i t y  of food,  t h e  t a s k  r equ i r e -  
ments, work- r e s t  c y c l e s  , geometr ic  f a c t o r s  i n  i n t e r a c t i n g  groups 
(Ref.  27), i n t e r p e r s o n a l  needs, and group s t a b i l i t y .  Most of t h e s e  
f a c t o r s  would t end  t o  reduce the  crew s i z e .  However, s t r e s s  is a l s o  
caused by  l i m i t i n g  b o t h  t h e  range of s o c i a l  r o l e s  a v a i l a b l e  t o  t h e  
i n d i v i d u a l  and t h e  a v a i l a b i l i t y  of i n t e r p e r s o n a l  i n t e r a c t i o n  by  
r e d u c i n g  t h e  number of  i n d i v i d u a l s  t o  which each crew man i s  exposed. 
Whi le  t h e  e n g i n e e r i n g  c o n s t r a i n t s  can be used t o  y i e l d  a number f o r  
a n  adequa te  crew, t h e  i n t e r p e r s o n a l - s o c i a i  r equ i r emen t s  which m u s t  
a l s o  be  s a t i s f i e d  a r e  n o t  e a s i l y  q u a n t i f i a b l e .  I n  a d d i t i o n ,  few 
s i z e  c o n s t r a i n t s  f o r  optimum group e f f e c t i v e n e s s  have been noted ,  
a-n-d these  have o n l y  s t a t e d  t h a t  t h e  l a r g e r  t h e  group, t h e  fewer  t h e  
problems.  

A one man crew would be s u s c e p t i b l e  t o  problems of i s o l a -  
t i o n  and s e n s o r y  d e p r i v a t i o n  coupled w i t h  p e r i o d s  of s enso ry  ove r load  
due t o  t a s k  requi rements .  Two man crews have been found t o  develop 
c o n s i d e r a b l e  mutual i r r i t a t i o n  a f t e r  l o n g  d u r a t i o n s  of c l o s e  proxi-  
m i t y .  Three man crews a r e  b e l i e v e d  to be even more u n s t a b l e ,  because 
of t h e  danger  of two r e i n f o r c i n g  each o t h e r  and a l l y i n g  a g a i n s t  t h e  
t h i r d .  With l a r g e r  groups c l i q u i n g  becomes a p o s s i b i l i t y  and can 
r e d u c e  t h e  communications and e f f e c t i v e n e s s  of t he  crew. Methods 
of c l i q u e  i d e n t i f i c a t i o n  have been developed (Ref .  23,29,30). However, 
t hese  p o s t - f a c t o  methods cannot y i e l d  a n  a p r i o r i  judgement a s  t o  t h e  
s i z e  a g e n e r a l  crew must reach b e f o r e  c l i q u i n g  occur s ,  and do n o t  
i d e n t i f y  remedia l  methods t o  cope w i t h  t h e  d e t e c t e d  f r agmen ta t ion .  

A t  t h i s  t ime, a n  optimum crew s i z e  cannot  be s p e c i f i e d .  
w i t h o u t  r e g a r d  f o r  t he  mission o r  a t  l e a s t  t h e  a v a i l a b l e  volume. How- 
e v e r ,  a s  a n  example based  on a c c e p t a b l e  performance volumes and i n t e r -  
p e r s o n a l  c o n s i d e r a t i o n s ,  crew s i z e  shou ld  vary  between 4 and 20 men 
i n  t h e  case  of S-IVB s p e n t  s t a g e  u t i l i z a t i o n .  

b .  Crew S t r u c t u r e  I n  t h e  a n e c d o t a l  l i t e r a t u r e ,  group s t r u c t u r e  
h a s  g e n e r a l l y  been predetermined,  and t h e  l e a d e r s h i p  h a s  been a b l e  
t o  m a i n t a i n  i t s  a u t h o r i t y .  However, i n  a space  mis s ion  away from 
Ear th -based  h i g h e r  a u t h o r i t y ,  t h e  prede termined  group s t r u c t u r e  may 
have  to be s t r o n g l y  r e i n f o r c e d  i n  o r d e r  t o  a v o i d  r o l e  rearrangements ,  
g roup  breakdown, o r  s t a t u s  l e v e l l i n g .  It has  been sugges t ed  t h a t  
g roups  t e n d  t o  r e s t r u c t u r e  themselves ,  e s p e c i a l l y  i n  t h e  f a c e  of 
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i n t e r g r o u p  compe t i t i on  f o r  a p r i z e  (Ref .  31).  The l e a d e r s h i p  
w i l l  have t o  ma in ta in  group d i s c i p l i n e  a t  a l l  t imes  and impose 
a u t h o r i t y  d u r i n g  c r i s i s  s i t u a t i o n s .  Leaders  without  t h e s e  
q u a l i f i c a t i o n s  a r e  u s u a l l y  replaced. by t h e  group (Ref .  32). 

I n  t h e  underwater  system Sea lab  11, t h e  crew was s e l e c t e d  
from exper ienced  d i v e r s ,  a l l  h i g h l y  d e d i c a t e d  t o  t h e i r  c a r e e r s .  
A f t e r  t h e  complet ion of a 45-day mis s ion  t h e  aquanauts  ranked t h e  
d.esired.  c h a r a c t e r i s t i c s  of t he  id.ea1 crew member. Experience,  
c o o p e r a t i v e n e s s  and t e c h n i c a l  competence were cons ide red  impor t an t ,  
wh i l e  t h e  more i n t e r p e r s o n a l  f a c t o r s  were ranked lower by t h e  crew. 
Leadersh ip  c h a r a c t e r i s t i c s  chosen by t h e  crew were age and m a t u r i t y .  

S t u d i e s  of  bomber crews r e v e a l e d  t h a t  crewmen r a t e d  
each  o t h e r  i n  terms of achievements and t h e i r  o f f i c e r s  i n  terms 
of e f f e c t i v e n e s s .  Crew morale and agreement was h i g h e r  i n  crews 
with c o n s i d e r a b l e  expe r i ence  i n  f l y i n g  t o g e t h e r  (Ref .  5 ) .  

One may conclude t h a t ,  i n  g e n e r a l ,  p e r s o n a l  competence 
and expe r i ence  a r e  more important  t h a n  s o c i a l  f a c t o r s  f o r  e f f e c t i v e  
group performance under  demanding s i t u a t i o n s .  

Data from s imula t ion  exper iments  and f i e l d  expe r i ences  
have been c i t e d  above. While t h e s e  a l l  have common a s p e c t s ,  such 
a s  i s o l a t i o n ,  confinement,  small  group i n t e r a c t i o n s ,  e t c . ,  t h e y  
ob ivous ly  d i f f e r  from long  d u r a t i o n  space  f l i g h t  mis s ions  i n  
s e v e r a l  ways. The re fo re ,  i n  o r d e r  t o  d e r i v e  recommendations a p p l i -  
c a b l e  to t h e  space  program, t h e s e  experiments  must  b e  ranked by 
t h e i r  r e l e v a n c e  t o  space  f l i g h t .  

comparison was made f o r  e leven  experiment  systems based  on seven 
pr imary  c h a r a c t e r i s t i c s  (F igu re  4 ) .  Submarine crews r e c e i v e d  t h e  
h i g h e s t  r ank ing ,  fo l lowed b y  e x p l o r a t i o n  p a r t i e s  and e x p e d i t i o n s ,  
n a v a l  s h i p  crews, bomber crews and  remote du ty  crews. The a n a l y s i s  
s u f f e r e d  s e v e r a l  shortcomings.  F i r s t ,  t h e  pr imary and. secondary  
c h a r a c t e r i s t i c s  were n o t  ranked by importance.  Secondly,  s i n c e  ~ 

some c a t e g o r i e s  had more secondary c h a r a c t e r i s t i c s  t h a n  o t h e r s ,  
a n  e f f e c t i v e  a c c i d e n t a l  ranking  of t h e  secondary c h a r a c t e r i s t i c s  
o c c u r r e d .  Fo r  example, pe r sonne l  composi t ion was ranked evenly  
w i t h  technology,  whi le  mot iva t ion  was cons idered  l e s s  impor tan t  
t h a n  a v i a t i o n  t r a d i t i o n .  T h i s  t ype  of a n a l y s i s  a l s o  f a i l e d  t o  
accoun t  a d e q u a t e l y  f o r  such tremendous d i f f e r e n c e s  a s  t h e  a v a i l -  
a b l e  volume p e r  man i n  a submarine (600 f t  /man) and a space  s h i p  
(100 f't3/rnan), and t h e  cons ide rab le  d i f f e r e n c e s  i n  h a b i t a b i l i t y  of 
a submarine and a POW camp. Thus, t h e  ranking i n  F i g u r e  5 may be 
mis l ead ing ,  and  t h e  n e c e s s i t y  of a r e - e v a l u a t i o n  i s  sugges t ed .  

Such a r ank ing  was a t t e m p t e d  by S e l l s  (Ref .  24) .  A 

3 
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An underwater  system, Sea lab  I1 (Ref .  17,18), could  
be  cons ide red  a n  i d e a l  comparative system f o r  l o n g  d u r a t i o n  
space  mis s ions  inasmuch a s  a sma l l  group was i s o l a t e d  and. con- 
f i ned  on a r e a l  mi s s ion  and confronted w i t h  psycho log ica l  and  
p h y s i o l o g i c a l  stress. However, t h e  volume p e r  man was abou t  
350 f t  , g r e a t e r  t h a n  t h a t  expected i n s i d e  a s p a c e c r a f t ,  and  
t h e  h a b i t a b i l i t y  much more f a v o r a b l e  t h a n  could  be expec ted  on 
a l o n g  space  mis s ion  (Ref. 17,lg). 
more r e a l i s t i c  i f  a v e h i c l e  o f  l a r g e  volume (such  a s  t h e  S-IVB 
s p e n t  s t a g e )  were to be used. I n  a d d i t i o n ,  t h e  e x t e n s i v e  d a i l y  
e x t r a v e h i c u l a r  a c t i v i t y  of the  aquanauts  and t h e  presence  of normal 
g r a v i t y  d u r i n g  i n t r a v e h i c u l a r  o p e r a t i o n s  cannot  be matched i n  a space  
miss ion .  

s i m i l a r  t o  t h e  l o n g  te rm space miss ion .  I n  a d d i t i o n ,  such s t u d i e s  
u s u a l l y  involved  a one-man crew. A s  s e e n  i n  F i g u r e  5, t h e  r e g i o n  
of probable  g r e a t e s t  i n t e r e s t  f o r  l ong  term manned mis s ions  (from 
4 to 20 crew members) is  p r e c i s e l y  t he  most unexplored r e g i o n .  
Furthermore,  a s  s e e n  i n  Figure  6 ,  t h e  mis s ion  d u r a t i o n s  were a lmost  
a lways s h o r t ,  t h e  g r e a t  m a j o r i t y  b e i n g  l e s s  t h a n  t e n  days .  One 
might a s k  what f r a c t i o n  o f  t he  f l i g h t  must be  s i m u l a t e d  i n  o r d e r  
t o  b e  s u r e  of t h e  c o r r e c t n e s s  of e x t r a p o l a t i o n .  While t h i s  i s  
unlrmw-n_, studies have revea led  problems i n  s h o r t  d u r a t i o n  s i m u l a t i o n s  
which may be aggrava ted  i n  longe r  mis s ions .  

3 

The comparison would be much 

The l a r g e  m a j o r i t y  o f  s i m u l a t i o n  s t u d i e s  a r e  ve ry  d i s -  

D. CONCLUSIONS 

Ground based  and anec toda l  s t u d i e s  i n d i c a t e  t h a t  d e v i a t i o n  
from normal r e sponses  a r e  p o s s i b l e  under  s t r e s s f u l  s i t u a t i o n s .  A s  
i n d i c a t e d  p r e v i o u s l y ,  t h e s e  experiments  v a r i e d  g r e a t l y  i n  p h y s i c a l  
environment and o f t e n  f a i l e d  t o  account  a d e q u a t e l y  f o r  impor tan t  
f a c t o r s  such a s  m o t i v a t i o n  and response  p r e s e n t  i n  t h e  r e a l  s i t u a t i o n .  
The f o l l o w i n g  conc lus ions  have been reached  through i n t e r p r e t a t i o n  
of t h e  a v a i l a b l e  l i t e r a t u r e  i n  l i g h t  of i t s  admi t t ed  l i m i t a t i o n s .  

1. P h y s i c a l  

The unusual  demands of long  d u r a t i o n  space  f l i g h t  emphasize 
t h e  importance of overcoming problems which could  a r i s e  from t h e  . 

i s o l a t i o n  and  confinement o f  t h e  crew. The e f f e c t s  of i s o l a t i o n  
can  be r e l i e v e d  through adequate  communications w i t h  E a r t h  and pos- 
s i b l y  s p e c i a l  e f f o r t s  such a s  g r a d u a t e - l e v e l  l e c t u r e s .  TQsks  shou ld  
be programmed to provide  adequate  and meaningful  work f o r  t h e  e n t i r e  
crew, and to a v o i d  s t r e s s  a r i s ing  from boredom o r  monotony. More- 
o v e r ,  t h e  crew w i l l  probably neve r  be  i s o l a t e d  i n  t h e  s t r i c t  s ense  
s t u d i e d  i n  t h e  l a b o r a t o r y .  

The confinement of  t h e  crew w i l l  have bo th  p h y s i o l o g i c a l  
and p s y c h o l o g i c a l  e f f e c t s .  These e f f e c t s  can be minimized b y  
programming p h y s i c a l  e x e r c i s e ,  a l l o w i n g  t h e  crew t o  l i v e  u n s u i t e d  
a t  l e a s t  p a r t  of t h e  t i m e ,  and  keeping t h e  volume/man a s  l a r g e  a s  
p o s s i b l e .  



. .  . 
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I n  a l l  experiments  i n  which t h e  volume per  man was 
ample, t h e  problems a r i s i n g  from confinement were m o s t l y  e l i m i -  
na t ed ,  making t h e  volume/man one of t he  most s e r i o u s  c o n s i d e r a t i o n s  
i n  t h e  des ign  of t h e  space  v e h i c l e  and t h e  s i z e  of  t h e  crew. I n  
g e n e r a l ,  t h e  l o n g e r  t h e  mission d u r a t i o n ,  t h e  l a r g e r  t h e  volume 
p e r  man r e q u i r e d .  S e v e r a l  i n v e s t i g a t o r s  have i n d i c a t e d  t h a t  f o r  
mis s ions  exceeding t h i r t y  days d u r a t i o n ,  a minimum volume of 

t h e  crew. However. s a t i s f a c t o r y  performance i n  submarine mis s ions  
i n d i c a t e s  t h a t  a more r e a l i s t i c  requi rement  might  be 600 f t 3  p e r  
man. 

150 - 200 f t  3 /man is  necessary  for t h e  p s y c h o l o g i c a l  h e a l t h  of 

The e f f e c t s  of confinement and  r e s t r i c t e d  s o c i a l  i n t e r -  
a c t i o n  can a l s o  be decreased  by  op t imiz ing  t h e  h a b i t a b i l i t y  of 
t h e  sh ip .  I n  expe r i ences  i n  which the  crew performed op t ima l ly ,  
t h e  response  was p a r t l y  a t t r i b u t a b l e  t o  maximizat ion of  h a b i t -  
a b i l i t y  through a p p r o p r i a t e  r e c r e a t i o n ,  p r i v a t e  a r e a s ,  s e p a r a t e  
s l e e p i n g  and working a r e a s ,  adequate  work- res t  c y c l e s ,  abundant 
h igh  q u a l i t y  food, and adequate  shower f a c i l i t i e s .  Such f a c t o r s  
shou ld  be used  a s  g u i d e l i n e s  i n  the  p l ann ing  of long d u r a t i o n  
space  mis s ion .  

Activity schedu l ing  and work-rest  c y c l e s  w i l l  va ry  a t  
The p l a n n i n g  must c o n s i d e r  t h e  d i f f e r e n t  t imes  i n  t h e  miss ion .  

n a t u r e  of t h e  job ,  a s h o r t e r  work p e r i o d  being n e c e s s a r y  f o r  
monotonous t a s k s .  An exper imenta l  work schedu le  b u i l t  around 
a 4 hour  work p e r i o d  u t i l i z e d  50% of t he  a v a i l a b l e  t i m e  f o r  
t a s k s  wi th  no performance decrement observed up t o  t h i r t y  days 
i n  s i m u l a t i o n  and could prove u s e f u l  d u r i n g  per iods  of h i g h  demand. 
It may be impor tan t  to use a l e s s  demanding schedu le  i 'or very 
l o n g  mis s ions .  I n  a d d i t i o n ,  a s i x  t o  e i g h t  hour  s l e e p  p e r i o d  
p r e f e r a b l y  o c c u r r i n g  a t  t h e  same t ime each day p l u s  t h e  preserva-  
t i o n  of a 24 hour  p e r i o d i c i t y  could e l i m i n a t e  p o s s i b l e  problems 
a r i s i n g  f r o m  changing man's c i r c a d i a n  rhythm p a t t e r n s .  

2. I n t e m e r s o n a l  

Some i n t e r p e r s o n a l  ,problems occur red  w i t h  multi-man 
crews. H o s t i l i t y ,  i r r i t a b i l i t y ,  and  a n x i e t y  were p r e s e n t  d u r i n g  
l o n g  exposures  o r  l ong  s i m u l a t i o n s .  Group cohes ion  s u f f e r e d  
some breakdown. Confidence i n  t h e  crew, t h e  l e a d e r s h i p ,  t h e  
hardware,  t h e  sh ip ,  and  emergency p rocedures  had a g e n e r a l  
a m e l i o r a t i v e  e f f e c t .  The work r o l e  was ve ry  impor tan t  and t h e  
c l e a r  d e f i n i t i o n  of work roles  i n c l u d i n g  avoidance  of job over- 
l a p  cou ld  p reven t  antagonisms a r i s i n g  from j e a l o u s y .  Even when 
h o s t i l i t y  was p r e s e n t ,  the  importance and  p o s s i b l y  t h e  n o v e l t y  
of t h e  mis s ions  i n f l u e n c e d  t h e  crew to- perform s u c c e s s f u l l y  
i n d i c a t i n g  t h a t  m o t i v a t i o n  i s  a f a c t o r  of h ighes t  importance.  
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P a r t i c u l a r l y  i n t e r e s t i n g  were t h e  ranking  of t h e  
important  i n d i v i d u a l  q u a l i f i c a t i o n s  by WWII bomber crews and 
t h e  aquanauts  from Sealab  11. Genera l ly ,  p e r s o n a l  exper ience  
and competence of t h e  crew men, and command a b i l i t y  and m a t u r i t y  
of t h e  l e a d e r s h i p  were cons idered  f a r  more impor tan t  t h a n  psycho- 
l o g i c a l  o r  s o c i o l o g i c a l  a t t r i b u t e s .  Of importance is  t h e  h igh  
group cohes iveness  r e s u l t i n g  from exper ience  ga ined  working a s  
a team. These r e s u l t s  emphasize t h e  need f o r  l ong  term s i m u l a t i o n  
o r  a s e v e r a l  month miss ion  t o  "season" t h e  crew. F u r t h e r ,  t o  
avo id  work r o l e  problems, and t o  acknowledge t h e  importance of 
l e a d e r s h i p ,  t h e  miss ion  commanders may be chosen from p i l o t s  a s  
i s  now t h e  p r a c t i c e .  However, a s  i n d i c a t e d  i n  Reference 25 t h e  
remainder  of t h e  crew should be s e l e c t e d  on a d i f f e r e n t  b a s i s  w i t h  
more emphasis on exper ience ,  t e c h n i c a l  s k i l l s ,  and s o c i a l  q u a l i t i e s .  
Any crew member must  be a b l e  to work e q u a l l y  we l l  i n  i s o l a t i o n  or 
a s  a member of t h e  team. The crew l e a d e r  must be e f f e c t i v e  and 
mature and a b l e  to main ta in  d i s c i p l i n e  when he i s  i n a c c e s s i b l e  to 
communication or i n  t h e  f a c e  of c r i s i s .  

and  s o c i o l o g i c a l  c o n s t r a i n t s ,  none of which have been c l e a r l y  
d e f i n e d  b u t  w i l l  be miss ion  s p e c i f i c .  
l a r g e r  t han  t h r e e  members b u t  no opt imal  s i z e  can be sta'ced. 
rnL. - n 7 r : m r . m  n : o  iiie i i i a A l L I I L c t l I  

man. 

The crew s i z e  is l imi t ed  by engineer ing ,  t a s k  a l l o c a t i o n  

A minimum crew should  be 

msy b e  set b y  c c n x i d e r a t i o n  of t h e  .i.rolij.me pep  I 

Personal  mot iva t ion  may be one o f  t h e  most impor tan t  
q u a l i t i e s  of a crew man. I n  l ong  d u r a t i o n  miss ions  t h e  remote- 
n e s s  and u n c e r t a i n t y  of  t he  payoff r e q u i r e  high crew mot iva t ion  
f o r  s a t i s f a c t o r y  performance. 

A number of comparative systems were compared i n  s e a r c h i n g  
for s i m i l a r i t i e s  w i t h  the long  d u r a t i o n  space  miss ion .  Submarine 
mis s ions  appeared. t o  be the  most s i m i l a r  while  d i s a s t e r  s i t u a t i o n s  
were t h e  l e a s t .  However, t he  a n a l y s i s  i s  somewhat ques t ionab le ,  
s i n c e  f a c t o r s  of  g r e a t l y  d i f f e r i n g  importance were ranked e q u a l l y .  

S imula t ion  s t u d i e s  a l s o  have shortcomings.  Most of  t h e  
work has  been performed w i t h  t o o  smal l  a crew and t o o  s h o r t  a 
s i m u l a t i o n  p e r i o d .  Thus, a p p l i c a b i l i t y  of r e s u l t s  ob ta ined  from 
b o t h  comparative systems and s imula t ed  s i t u a t i o n s  i s  ques t ionab le  
and  t h e r e  is  need f o r  f u r t h e r  s t u d i e s ,  combined wi th  miss ions  of 
i n c r e a s i n g  d u r a t i o n .  

1011-DBH-rpk 
&p D. B. ffman 
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